METHOD OF MANAGING AND MONITORING PERFORMANCES IN 
DIGITAL RADIO SYSTEMS 



INCORPORATION BY REFERENCE OF PRIORITY DOCUMENT 

This application is based on, and claims the benefit of, Italian Patent 
Application No. MI2000A002495 filed on November 21, 2000, which is 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention generally relates to the management of a radio 
transmission system and the monitoring of its performances. In particular, it 
concerns a method for rendering the signalling of the radio link performances 
independent of the source degrading the Quality of Service thereof, and for 
discriminating the type of noise which the radio link is affected by. 

2. Description Of The Prior Art 

The channel corrupting effects, in the domain of a high-capacity radio 
transmission system, are notoriously distinguished between selective fading and 
fiat fading. The first distorting phenomenon is due to multipaths: the receive 
antenna can indeed receive, together with desired signal, a delayed replica thereof, 
caused by the transmitted signal reflection against trophospheric layers or by 
reflection against orographic obstacles. The desired signal may also become 
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attenuated, with consequent increase of white noise, this latter phenomenon being 
identified by the cited second corrupting effect. 

Under particularly unfavourable conditions, the fading can lead the radio 
system to outage conditions, rendering the received signal, even processed and/or 
properly equalized by the receiver system, no longer intelligible. 

In order to overcome possible outage situations of the transmission system, 
the radio systems may be provided with protection mechanisms. For instance, 1+1 
configurations are available, wherein the transmission system to be protected 
(main) is juxtaposed to a spare (stand-by) channel devoted to come into operation 
if the Quality of Service of the first one is about to become unreliable. 

In general, in a N+l configuration, the spare channel replaces the first of 
the N protected channels of which the signalling system announces an outage 
situation. 

Thus the importance arises of monitoring the performances of each radio 
link in a reliable manner in order to evaluate the Quality of Service level and 
possibly to operatively act through an exchange (if present in the transmission 
system) in order to improve it. It is however pointed out that the knowledge of the 
quality level of the radio link (performance monitoring) is a useful information per 
se, apart from the possible presence of exchange mechanisms. 

At present, all the current performance monitoring methods of a radio 
system monitor the signal and calculate a numeric quantity that is compared with 
an acceptable limit value or threshold value: if the calculated number is greater that 
the threshold, it is believe that the transmission is becoming as degraded and, 



2 



should the above mentioned exchange mechanisms be provided, the transmission 
is passed to the spare channel. 

However, the inefficiency of such methods arises from the fact that the 
calculated values corresponding for instance to a BER of 10" 9 , value that can be 
considered indicative of a beginning of degrade, are different if we are in the 
presence of flat fading or selective fading. Unfortunately, at present it is not 
possible to know if we are really in the presence of the one or the other distorting 
phenomenon and therefore a compromise is carried out, namely it is decided to 
forewarn the system at a certain value. The drawback of this procedure is that one 
is forced either to tolerate a channel degraded by an excessive selective fading or, 
conversely, to forewarn the system in the presence of a still-acceptable flat fading. 



SUMMARY OF THE INVENTION 



The main object of the present invention is to provide mechanisms which 
implement the performance monitoring function in a reliable manner, mainly in the 
sense that they are independent of the degrade source, should it be either flat fading 
or selective fading. Indeed, as mentioned above, the effects of a selective distortion 
(selective fading) or of an in-band uniform attenuation (fiat fading), cause different 
effects on the apparatus and circuits present in the demodulator at the receiver side. 
In particular, the FECs (Feed-Forward Error Corrections), often present inside the 
transmission system, exhibit performances that depend on the statistical 
distribution of the signal at their input and then, lastly, on the type of distortion 
suffered by the transmitted signal, whether selective or uniform in band. 
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This and other objects are achieved by a method having the characteristics 
set forth in the independent claim 1. Further advantageous characteristics are set 
forth in the dependent claims. All the claims should be considered as an integral 
part of the present description. 

The basic idea of the present invention comprises a first step of identifying 
the type of distorting phenomenon that possibly affects the monitored radio 
channel; in this way, it is also possible to univocally connect, apart from the cause 
of degrade, the system performances with one of the commonly-usable 
performance monitoring methods. 

In practice, the invention provides for the use of two distinct thresholds, 
each threshold being specific to the related corrupting source and, above all, it 
provides for an effective technique for discriminating which of the two thresholds 
has to be compared with the chosen measure of quality. 

In a first preferred embodiment of the invention, the type of distortion 
present in the channel is identified according to the error autocorrelation evaluation 
at the threshold decision circuit. 

The invention will become certainly clear in view of the following detailed 
description, given by way of mere example and not of limitation and to be read 
with reference to the attached figures wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a basic diagram of a radio transmission system in a 1+1 
configuration; 
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Fig. 2 is a basic diagram of a circuit for the Mean Square Error (MSE) 

computation underlying the measurement method Ml; 

Fig. 3 is a basic diagram of the circuit for estimating the number of errorred 

symbols per second underlying the measurement method M3; 

Fig. 4 schematically shows the circuit for calculating the autocorrelation of 

the error, in particular of a significant sample thereof, in accordance with 

the present invention; 

Fig. 5 shows the block diagram of the algorithm according to the present 
invention for implementing the performance monitoring; and 
Fig. 6 shows, in a schematic and concise manner, the algorithm according 
to the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 



The known methods that are used for measuring the Quality of Service 
offered by a radio link can be classified into three main groups, Ml, M2 and M3 
described below in greater detail. 

Ml) The computation of the Mean Square Error (MSE), defined as: 

MSE=£{|x k -a k | 2 }=i?taf) (1) 

X k being the signal at the input of the threshold decision circuit (and then, after 
suitable equalization, gain control and phase correction operations) and 3. k being 
the symbol decided by the threshold decision circuit, and ^{'} denoting the 
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expected value operation (see Fig. 2 for this purpose). Operatively, the MSE is 
then calculated through a sample mean operation: 

MSE = ±±\e k \ 2 =±t{[MeJ + [lm(ej} (2) 

with M being a positive integer and Re , Im being the real and imaginary parts, 
respectively. Often equation (2) is replaced by a merit figure that is simpler to be 
computed, but less accurate, denoted by SMSE, consisting in: 

SMSE = J- £ {\Re(s k } + \lm( S J } 

M k= i 

The increase in the value of MSE, or SMSE, indicates a rise in the mean 
deviation between the received signals and the possible symbols of the transmitted 
constellation, with a consequent increase in the uncertainty on the decisions taken 
and worsening of the Quality of Service. 

M2) The second method of evaluating the Quality of Service makes reference to 
a parameter inherent to the code trellis in Trellis Coded Modulations (TCM). The 
parameter Z k (see the publication "Phase Ambiguity Resolution in Trellis Coded 
Modulations", IEEE Transaction on Communications, Vol. 38, No. 12, pages 
2087-2088, December 1990) represents the minimum branch metrics emerging 
from the minimum metrics state or, considering y k the input of the Viterbi decoder 
and a k the symbol associated with the generic branch emerging from the terminal 
node of the minimum-distance path at the instant t=k, it is defined: 

z k=min{|y k -a k |} 
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The choice of monitoring the sequence \ z k J comes from the remark that 
the statistics of this parameter differs considerably as the goodness of the system 
performances varies. 

M3) The last method consists in carrying out an estimation of the number of 
errorred symbols per second. The flow outputting from the Viterbi decoder is 
encoded again (see Fig. 3) and then compared with the decisions carried out 
directly on the received signal and not passed through the decoder. If the two 
streams are different, this means that the radio channel has introduced errors that 
reduce the offered Quality of Service. 

Typically, the comparison between a suitable threshold and a value 
calculated through Ml, M2, or M3 constitute the control logic of the alarms 
warning about the worsening of the system performances. 

The alarm issue on the basis of the chosen threshold has the object of 
signalling the performance degrade in time, i.e. before the transmission becomes 
completely unreliable and in such a way as to operate in good time the above 
mentioned possible exchange mechanisms. By quantifying more precisely, by way 
of example and not of limitation, it would be desired that the signalling, called 
early warning alarm according to what has been clarified above, should actually be 
at a Bit Error Rate value of about 10" 9 . 

However, measurements have been carried out and they indicate that the 
value of each of the parameters described above, used as a measure of the Quality 
of Service offered by the system, is indeed related to the quality actually present, 
but it changes numerically also as the source of degrade, be fiat or selective fading, 
varies. From this, it is immediately perceived that the comparison of such 
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quantities with a threshold cannot be sufficient to provide indications on the 
system performance in an univocal manner. In fact, at a given BER, the value 
taken on by one of the above-mentioned estimators changes as the cause of 
degrade varies or, conversely, when the numeric value taken by one of the 
estimators is equal, the value of BER can be significantly different. It is therefore 
easy to understand that the early warning alarm can be actuated at different values 
of BER, dependent on the source that is degrading the transmission. 

In view of the described drawbacks, the present invention provides a 
method that univocally links, apart from the cause of degrade, the system 
performances to one of the measures of the above mentioned and commonly usable 
parameters. 

As mentioned above, the invention provides for the use of two distinct 
thresholds, each specific to the related corrupting source, and above all it provides 
an effective technique for discriminating which of the two thresholds is to be 
compared with the quality measure which has been chosen. 

In Fig. 1 there is schematically a basic diagram of a radio transmission 
system in a "1+1" configuration. In Fig. 1, blocks TX and RX represent the 
transmitter and receiver devices respectively, while CH represents the transmission 
channel (channels 1 is the main channel and channel 2 is the spare one). 

The method for discriminating the type and the cause of degrade of a radio 
channel will now be first illustrated in detail. 

Fig. 4 schematically shows the circuit for the computation of the error 
autocorrelation, in particular of a significant sample thereof, in accordance with the 
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present invention. Let R £ (n) be the error autocorrelation, defined by stationary 
processes in the following way: 

R £ (n) = e{sQc) -s(k+ ri)} (3) 

where 

s(k) = x k -a k (4 ) 

is the error calculated after a threshold decision circuit (DEC). One can 
verify that the shape of the autocorrelation R £ (ri) strongly depends on the statistics 
of the input signal, even in the presence of an equalization device. For instance in 
the case where flat fading is present and the equalization devices completely 
remove the Intersymbol Interference effects leaving as unique effect the thermal 
noise one (i.e. flat fading), we have: 

Xk= a k+ n k (5) 
d k being the transmitted symbol and W * the additive, Gaussian and white 
thermal noise. 

Assuming that the decisions taken are correct, if we replace equation (5) 
into (4), the expression of the error <5*(&) becomes: 

<k) = a k +n k -a k =n k (6) 

and then eq (3) lastly becomes: 

R s (n) =E{s(k) • e\k+n)}=E{n(k) • n(k+n)}= c%<5(n) 

(7) 



where Cl\ represents the noise power at the input of the decision circuit and S{n) 

is the Dirac function. 

Then this means that, in the presence of thermal noise only, i.e. of in-band 
uniform attenuation, the error autocorrelation R e (n) is impulsive, i.e. 

|V if« = 0 

Consider now, instead, the situation where, in the presence of a strong 
distortion, the devices of equalization are not able to completely cancel the 
Intersymbol Interference. In this case the signal at the input of the decision circuit 
(equation (5)) becomes: 

j*k 

g n being the pulse response samples of the whole transmission system, 
comprising the transmitter and receiver filterings, the equalizer and obviously the 
radio channel, and w k the resulting sample of the convolution between the white 
noise at the input of the receiver and the pulse response of the receiver filters. To 
be noted that, under the cited conditions, the autocorrelation of the pulse response 
"of the equallization devices may be not of impulsive type and thus the noise at the 
output thereof will be coloured. 

It can be demonstrated that in this case, still assuming that the decision 
circuit carries out correct decisions, the error autocorrelation (3) becomes: 

^(n)=£{^)-^+»)}=^(^(»)-^»))+^.(») 



where a] = j and R g and R w being respectively the autocorrelation of 

g n and w n . As R g and R w result in being non impulsive, one deduces that, in 
the presence of distortion, the error autocorrelation cannot be impulsive itself. 

The cause of degrade of the Quality of Service of the radio link can 
therefore be determined by the analysis of the values of the error autocorrelation 
R £ (n) for n ?t 0 : from what it has been said, values considerably different from 
zero will indicate that the degrade of the performances shall be ascribed to 
selective fading, conversely zero values will identify the flat fading as current 
cause of degrade of the Quality of Service. 

In the discrimination of the two situations, it is moreover sufficient to use 

error autocorrelation samples close to the origin, for instance 

Then the fact that, in practice, it is hard that the two situations are so clearly 
distinguishable, i.e. that precisely zero values of the first error autocorrelation 

sample are found, renders advisable to fix a threshold, say ^R £ (i) , which 
R s (l) is to be compared with: if R s (l) ^ T Rt(l) one will conclude to be in the 
presence of selective fading, otherwise of flat fading. 

The correct discrimination, instant by instant, of the current source of 
degrade may consequently allow the validation of one of the two appropriate 
thresholds, each related to the respective corrupting cause, to be compared with 
one of the possible measures of quality chosen, should it be Ml, M2 or M3. 
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The discrimination algorithm of the degrade source and the consequent 
choice of the appropriate threshold can therefore be synthesized in the following 
way (see Fig. 5): 

\T SF <>RJl)>T m 

where T is the current threshold for the comparison with the measure of quality 
which one wish to use, T FF is the value of the threshold that is deemed as 
appropriate in case of flat fading and analogously T SF is the related threshold in the 
presence of selective fading. 

Although the present invention provides for evaluating the distortion type 
of a channel according to the error autocorrelation values, it is naturally possible to 
use other methods. For instance one could observe the Fourier transform of the 
equalizer coefficients or in general one could observe one or more parameters of 
the equalizer (whether linear or non linear) and apply a suitable algorithm. 

There has thus been shown and described a novel method which fulfills all 
the objects and advantages sought therefor. Many changes, modifications, 
variations and other uses and applications of the subject invention will, however, 
become apparent to those skilled in the art after considering the specification and 
the accompanying drawings which disclose preferred embodiments thereof. All 
such changes, modifications, variations and other uses and applications which do 
not depart from the spirit and scope of the invention are deemed to be covered by 
the invention which is limited only by the claims which follow. 
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